The role of product and marketing innovation for productivity growth is addressed using survey and register data for the Danish economy. It is argued that marketing and product innovation are complementary inputs and that innovation activities are skill-intensive. It is found that product and marketing innovation in skill-intensive firms results in significantly faster productivity growth than in unskilled-intensive firms that introduce this combination of innovation activities. More precisely, an increase in the share of educated workers of one percentage point, increases productivity growth by around 0.1 percentage point in firms with product and marketing innovation. In addition, it is found that firms that engage in product innovation but not in marketing innovation or the other way around do not demonstrate a growth effect from their innovation activities. It is also found that product and marketing innovation has an independent role in productivity growth that cannot be attributed to organisational changes, even though the majority of innovative firms engage in this latter innovation type.
Introduction
This paper studies effects of marketing innovation on productivity growth. We do not claim that marketing innovation necessarily play an independent role in productivity growth; rather, we hypothesise that the complementarity between product innovation and marketing innovation is an important growth driver. The motivation for this hypothesis is that the ability to come up with new and improved products and the ability to commercialise these products into demand seem to require coordination between the two activities. Empirical support for product and marketing innovation to play an independent role in productivity growth is established. More precisely, the combination of the the two innovation activities result in significantly faster productivity growth in skill-intensive firms.
Marketing innovations involve the implementation of new marketing practices. Specifically, these include changes in sales and distribution methods, changes in product design and packaging, and methods for pricing goods and services. This concept of marketing innovation follows the definition in the Oslo Manual, OECD (2005); a concept applied in the Community Innovation Survey (CIS) from which the innovation data used in this paper stem. 1 During the past decade, the recognition that non-technological growth drivers are important for productivity growth has emerged. One prominent driver is organisational change. Caroli and Van Reenen (2001) argue that such changes have an independent role in productivity growth. Moreover, the authors find that organisational changes are skill-intensive, which implies that the growth effect of the activity is larger in skill-intensive firm than in unskilled-intensive firms. In another line of research, Bloom and Van Reenen (2007) establish that good management practices are important for firm productivity. More precisely, the authors find that firms with "better" management practices tend to be more productive than firms with "worse" practices and that management practices vary tremendously across firms, which suggests that large improvements in productivity are possible. 2 For a survey on the empirics of organisational changes see Bloom, Sadun, and Van Reenen (2010) .
Complementarities between non-technological and technological growth drivers are also important for firm performance. The relationship between organisational changes and new technologies has been shown to be important for productivity in micro studies, see for example Brynjolfsson 1 In the applied version of the Danish CIS, CIS 4, no questions have been asked related to new methods of pricing goods and services. Questions related to this aspect have been introduced in later versions of the survey. 2 Growth drivers related to technological development are also important; see Hall et al (2010) on the return to R&D and Hall (2011) on product and process innovation and productivity. The latter paper finds that there are substantial positive impacts of product innovation on productivity levels but that the impact of process innovation is more ambiguous.
and Hitt (2000) for a survey. The evidence shows that a combination of investment in information technology (IT) and changes in organisations contributes to firm productivity growth. Crespi, Criscuolo and Haskel (2007) use data for the UK and find a positive effect on firm performance of the interaction between IT investment and organizational innovation. Moreover, Bloom, Sadun, and Van Reenen (2012) find that the IT-related productivity advantage in the US is mainly related to "tougher" human resource management in US-owned firms compared to European owned firms.
The contribution of this paper to the literature is to investigate another complementarity between non-technological and technological growth drivers; namely, the complementarity between marketing innovation and product innovation. The importance of marketing -a non-technological growth driver -has rarely been studied in relation to firm performance. 3 In the marketing literature, the idea that the success of new and better products is related to marketing activities is suggested by Gupta, Raj, and Wilemon (1986) . It is argued that the success of research and development (R&D) is potentially influenced by R&D-marketing integration. In an empirical study, Dutta, Narasimhan, and Rajiv (1999) find that the interaction between marketing and R&D capabilities is correlated with firm performance. The study examines a cross-section of firms and focuses on the US semiconductor industry. Moreover, Park (2004) finds in a case study that the succes of the VHS format for the videocassette recorder market at the expense of Betamax is partly explained by marketing ability.
It is important to understand the distinguishing factors between product and marketing innovation when studying the complementarity between the two innovation activities. The Oslo manual states that "the main distinguishing factor for product and marketing innovations is a significant change in the product's functions or uses." As an example, product innovation takes place when functional or user characteristics of existing products are significantly improved. Marketing innovation takes place when the design of an existing product changes significantly but this is not product innovation, as long as the functional or user characteristics are not changed significantly. 4 In the present study, we formulate and test two hypotheses. Motivated by the above-mentioned studies of the integration of R&D and marketing, we formulate a hypothesis regarding the complementarity between product and marketing innovation. In relation to this, we must emphasise 3 In the economic literature, marketing has sometimes been studied in relation to international trade. For example, Molina and Muendler (2010) find that firms hiring workers from marketing-related occupations at former exporters predicts a wider reach of destinations for the export decision. 4 For services, "the main distinguishing factor for service innovations and marketing innovations is whether the innovation involves a marketing method or a service (i.e. a product). The distinction may depend on the nature of the firm's business." that product innovation has a much broader definition than R&D and that we do not restrict the analysis to a narrowly defined industry. The first hypothesis states that activities in product and marketing innovation have a positive effect on productivity growth and that the effect is larger than for activities in either product og marketing innovation. The motivation for this hypothesis is that product innovation generates new and improved products that potentially shift the demand curve of the firms outwards. However, to effectively approach existing or new markets with new or improved products, the firms will use marketing tools. In this respect, firms may indeed use marketing innovation to approach and reach their markets. In sum, marketing innovation is expected to be an important activity for product innovation to generate growth effects. The second hypothesis states that innovation is a skill-intensive activity.
Combining the two hypotheses, we study whether the introduction of product and marketing innovation in skill-intensive firms results in significantly faster productivity growth than in unskilled-intensive firms that introduce these types of innovation. This joint hypothesis cannot be rejected, since an increase in the share of educated workers of one percentage point, significantly increases productivity growth by around 0.1 percentage points in firms with product and marketing innovation. In addition, we find that firms that engage in product innovation but not marketing innovation or firms that engage in marketing innovation but not product innovation do not show a positive growth effect from these innovation activities.
Although the majority of innovative firms also engage in organisational innovation, we are able to rule out the concern that the estimated effect of product and marketing innovation is driven by organisational changes. More precisely, we find that product-marketing innovation as well as organisational innovation play independent roles for productivity growth. These results are obtained using two approaches. Under the first approach, we disentangle the growth effects for different innovation types. Due to multicollinearity problems, it is not possible to disentangle the separate effects of product and marketing innovation. As a result, we turn to an alternative approach under which we estimate growth effects for different firm types categorised after their innovation activities.
As a final remark, studies on innovation and firm productivity usually relate product innovation to productivity levels; see Hall (2011) . Thus, the studies mainly apply cross-sectional data, and the results are of a long-run nature and do not analyse any dynamic responses. The present study focuses on productivity growth -not productivity levels -and thereby focuses on the dynamic effects of product innovation. 5 5 Mairesse and Mohnen (2010) survey research based on Community Innovation Surveys. In their survey they The paper proceeds as follows. The next section proposes a simple model of production and demand used to analyse innovation and firm performance. Section 3 describes the data and definitions used. Section 4 presents the empirical results. Section 5 concludes the paper. The relationship between the two approaches used in the empirical section are discussed in an appendix.
Model

Production and demand
The model we have in mind follows the model presented in, e.g., Hall (2011) . It consists of the following components: knowledge production functions, a production function and a demand function.
Firms undertake innovation activities in order to gain a monopolistic advantage or a more effective production process. For simplicity, we assume that firms face a constant elasticity demand function of the following form:
with  0  0 and  1  0.  denotes the demanded quantity,  denotes the (relative) output price of the firm, and   denotes the knowledge capital stock that is relevant for demand.   constitutes a measure of the monopolistic advantage of the firm. Moreover, firms produce according to the following production function:
where  denotes the physical capital stock,  denotes employment, and   denotes the knowledge capital stock relevant for production; a measure of the effectiveness of production.
Combining the demand and the production function results in the following function for real refer to studies that investigate complementarities between innovation types based on cross-sectional data. Some studies focus on complementarities between product and process innovation, process and organizational innovation, and product and organizational innovation. Junge, Severgnini, and Sørensen (2012) study the long-run nature of the impact of innovation types on productivity levels using a two stage model. In this paper, evidence for complementarities between product and marketing innovation as well as between process and organizational innovation is established.
value added:
where  denotes real value added. In the next sub-section, we turn to the knowledge function of the model.
Knowledge Creation
Firms can conduct product innovation and/or marketing innovation. In addition to these innovation types, firms can also engage in organisational innovation. We include the latter innovation type because it is an important growth driver, as discussed in the introduction, and because the majority of firms that conduct product innovation also conduct organisational innovation, as descriped below. The three innovation types are denoted by  (product innovation),  (marketing innovation), and  (organisational innovation), respectively. 6 Innovation activities potentially affect real value added through the growth rate of knowledge capital, i.e., ∆ ln   and ∆ ln   . We assume that knowledge production relevant for demand,   , is affected through product innovation and marketing innovation, whereas organizational innovation is important for the knowledge production relevant for the production function,   .
An important element that we study is the complementarity between product and marketing innovation in the knowledge creation of   . We hypothesise that marketing innovation strengthens the growth effect of product innovation (and the other way around). In other words, firms that expend the effort to bring their products to market by developing sales and distributions methods or by changing the design or packaging in addition to innovating new and improved products are expected to perform better than firms that do not. Another important aspect is that innovation is assumed to be a skill-intensive activity. The introduction of innovation activities in skill-intensive firms is expected to lead to significantly faster productivity growth than the introduction of innovation activities in unskilled-intensive firms.
The innovation process generates new knowledge and the development is assumed to follow the equations
where   ,   , and   denote intensities of product, marketing and organizational innovation, respectively.  denotes the education mix, where high values indicate skill-intensive firms and low values indicate unskilled-intensive firms. Therefore, a key explanatory variables in the knowledge production function is the education mix of the firms. We do not target specific departments of firms when focusing on the relationship between the education mix and knowledge production (i.e., we do not restrict the analysis to employees in R&D or other specific departments of firms).
Rather, we assume that a more intensive overall use of educated workers increases the intensity of the different innovation types and that these activities can be performed in any part of a firm. 7 Furthermore, it is assumed that product and marketing innovation are complementary, which implies that:
The effect of more intensive product innovation activities increases the effect of marketing innovation on knowledge creation (and the other way around).
Moreover, the assumption of innovation as a skill-intensive activity implies that
Real Value Added Growth
Using (1) and (2), we derive the growth rate of real value added as a function of innovation activities:
In sum the model to be estimated in the empirical section below equals:
where the coefficients are determined by
main interest is in the interaction term, i.e.,
The advantage of estimating the regression in first differences is that it includes firm-specific fixed effects to control for unobserved firm heterogeneity.
Data and definitions
The applied data set stems from two sources. First, data on innovation activities originate from the sis is an employer-employee matched data set that enables us to track educational attainment for each employee in every single firm. Consequently, it is possible to obtain very precise measures of the education mix applied in each firm. Moreover, firm information in the data set provides data on value added, labour input, and input of physical capital. In addition, we also apply industry, regional, and ownership dummies as well as export intensities. Finally, the register data allows the possibility of measuring the variables for different years. We apply and describe this possibility below.
Innovation
In the empirical analysis three types of innovations are applied. The three types are product innovation ( ), marketing innovation ( ), and organisational innovation ():
A firm is considered to perform:
• product innovation if it answers yes to the question: "Did the firm introduce new or significantly improved products or services?"
• marketing innovation if it answers yes to one or both of the questions: "Did the firm introduce 
Other firm-specific variables
Real value added,  , is measured as value added in current prices deflated by narrow industry specific price series. Physical capital, , is measured as fixed assets and stems from accounting data, whereas labour input, , is measured by full time equivalent units. These variables are used to determine long log-differences between 2004 and 2007. These log differences are measured as annualised changes. As a measure of the education mix in the single firm, , we take the share of full-time employees in the firm with at least 16 years of education out of total number of employees.
By this measure, the higher is  the more skill-intensive is a firm. The descriptive statistics of the sample are shown in Appendix Table 1 .
Empirical results
This section presents the empirical results of the study. First, we comment on a number of econometric problems that are dealt with in the analysis. Second, we present the descriptive statistics, and finally, we present the results of the regression analysis.
Econometric Problems
There are a number of econometric problems in estimating the relation between productivity and the knowledge stock of the firm. Specifically, these problems are unobserved heterogeneity and endogeneity. We deal with unobserved heterogeneity by estimating the model in first differences, as discussed in relation to ( 
Descriptive Statistics
Innovation activities for the firms in our sample are presented in Table 1 . In Table 1a , the firms are grouped after whether they perform product and/or marketing innovation, whereas they are grouped after product, marketing and organisational innovation in Table 1b .
In Table 1a , it is evident that 527 firms out of 1,321 firms -representing 40 per cent of the firms in the sample -engage in product innovation. Of these firms, approximately one third conduct marketing innovation in addition to product innovation, whereas the remaining two thirds do not conduct marketing innovation. Moreover, it is seen that 261 firms engage in marketing innovation.
Of these firms, about 60 per cent also perform product innovation.
In Table 1b it is seen that 401 firms out of 527 firms conducting product innovation also engage in organisational innovation; i.e., three quarters of the firms conducting product innovation also perform organisational innovation. For the group of firms engaging in both product and marketing innovation, as many as 83 per cent also conduct organisational innovation. It is also evident that 307 firms -nearly one fourth of the sample -engage in organisational innovation without conducting either marketing or product innovation. Approximately 60 per cent of the firms engage in organisational innovation, implying that the majority of the 71 per cent of firms in the sample that conduct innovation activities are conducting organisational organisation. 29 per cent of firms do not engage in innovation activities.
Before turning to the regression analysis, we present the average measures of labour productivity growth divided by innovation type and skill intensity. In Figure 2 , the average growth rates of skillintensive firms are compared to the average growth rate of all firms. The growth rates are presented as deviations from the average growth rate for different firm types defined after the innovation activities that they engage in. Moreover, firms are considered to be skill-intensive if their education share in 2001 exceeds the median share within their firm type.
We split the data into four types of innovative firms according to the innovation activities that they engage in. The firms are grouped according to whether they conduct (1) product-marketing innovation ( ), (2) product innovation but no marketing innovation ( ), (3) marketing innovation but not product innovation ( ), or (4) organisational innovation but no product or marketing innovation (   ). Finally, we also include firms without innovation activities (). 8 Figure 2 around here 8 We only apply 4 firm types with innovation activities in the main text to reduce the number of parameters to estimate. This is the case even though the combinations of three innovation types result in 7 firm types with innovation activities. See the appendix for a discussion.
A number of interesting observations are shown in Figure 2 . It is clear that skill-intensive firms with innovation activities grow faster than the average firm within the same firm types and thereby unskilled-intensive firms. This effect is found for all firm types with innovation and suggests that innovation is indeed a skill-intensive activity. It is especially pronounced for firms that engage in product and marketing innovation. A second and somewhat surprising observation is that within the group of firms without innovation activities, unskilled-intensive firms grow faster than skill-intensive firms. This observation should not be taken at face value, but rather understood as indicating that skill-intensive non-innovators do not grow faster than unskilled-intensive non-innovators. In other words, this observation suggests that growth effects of skills to a large extent work through the innovation channel, i.e., skills are contributing to knowledge creation.
There are also a number of things we cannot determine from Figure 2 . We cannot determine whether the growth effects are significantly different from zero. We do not control for other background characteristics of the firm than the skill intensity. Moreover, it is not possible to contribute growth effect to the different innovation activities. Most problematic is the growth performance of product innovation and/or marketing innovation because the majority of innovative firms perform organizational innovation. This is especially outspoken for firms that perform both product and marketing innovation, which was evident from Table 1 . In this sense, we cannot determine whether it is organizational innovation, product-marketing innovation or both that drives the growth performance in firms. Consequently, we have to disentangle the effect of organisational innovation from the other types of innovation. These concerns will be taken into account in the next section.
Regression results
In the following two sets of regression results are presented. First, we focus on the growth effects of different innovation types. That is, we attempt to disentangle the growth effects of the three innovation types: product, marketing, and organisational innovation. From an empirical perspective, disentangling effects of the different innovation types is challenging because most of these coexist in the production function and thus create possible problems of collinearities (Anderson and Schmittlein (1984) , Milgrom and Roberts (1990) , and Athey and Stern (1998)). As it turns out, we are able to obtain precise estimates of the combined growth effects of product and marketing innovation as well as organisational innovation. It is, however, not possible to determine the separate effects of product innovation or marketing innovation. As a consequence we focus on firm types that are engaging in different types of innovation rather than focusing on different innovation types. More precisely, we present results for the four types of innovative firms defined in relation to Figure 2 above. The two approaches are derived from the same general model. Moreover, the empirical results obtained under the two approaches are qualitatively the same. These aspects are discussed in Appendix A.
Innovation types
First, we present the results for the growth effects of different combinations of product and marketing innovation in Table 2 . Next, we include organisational innovation in addition to product and marketing innovation in Table 3 . 9 In Table 2 , the regression results of including product innovation, marketing innovation, and the interaction term of the two innovation types are presented. In the first two columns, we introduce the two innovation types one at a time. In column 1, product innovation is introduced and the relationship between growth in real value added and this innovation type is estimated. The interaction term between product innovation and the education share, i.e., the coefficient of  · , is positive and significantly different from zero. The point estimate for the interaction term equals 0.087 and is significantly different from zero at the 5 per cent level. This implies that skill-intensive firms that engage in product innovation grow faster than skill-intensive firms that do not engage in product innovation. More precisely, an increase in the skill intensity of one percentage point, increases productivity growth by almost 0.1 percentage points in firms with product innovation.
Table 2 around here
It is also evident in column 1 that the direct coefficient to product innovation, i.e., the coefficient of  , is approximately zero, implying that the average firm does not obtain any growth effect for product innovation. This also means that the skill intensity may be too low to generate positive growth effects, since the demeaned effect of  ·  is negative for firms with a skill share below average. I.e., the growth effect may actually be negative, if the skill intensity is below a threshold level. Taken at face value, firms with a skill intensity below 0.1663 will experience a negative growth effect of conducting product innovation, whereas firms with a skill intensity above 0.1663 will have positive growth effects. This difference suggests that innovation only pays off growth-wise in skill-intensive firms. This effect is also found for organisational innovation in Caroli and Van
Reenen (2001).
In column 2, marketing innovation is included as the only innovation type in the growth regression. As for product innovation, the interaction term between innovation and the skill intensity enters with a positive value; however, in this case, the value is not significantly different from zero. Because the direct effect of marketing innovation was found to be insignificant in column 2, it is excluded in column 5. By excluding this effect, we find positive but insignificant separate effects of product innovation. Moreover, the combined effect of engaging in product and marketing innovation equals 0.141 (=0.059+0.086), which is of similar magnitude to the total effect found in column 4. Again, this effect is found to be significant at the 1 per cent level using an F-test.
Finally, the direct effect of product innovation is also excluded in column 6. In this case, we find that the coefficient for the interaction between product and marketing innovation is equal to 0.127, which is significant at the 1 per cent level.
The results of Table 2 , however, can be questioned: is the growth effect of product and marketing innovation actually captured by the estimated coefficients in the growth regressions? As was evident from Table 1 , three quarters of firms with product innovation and/or marketing innovation also engage in organisational innovation. Therefore, the growth effect from organisational innovation may be picked up by the applied measures of product and marketing innovation. Another important reason to worry about the growth driving effect is articulated by Caroli and Van Reenen (2001) , who study growth effects of organisational changes. This work argues that organisational change has an independent role in productivity growth. Moreover, the results demonstrate that organisational changes are skill-intensive, as was found for product-marketing innovation above.
For these reasons, we include organisational innovation in the growth regressions in addition to product and marketing innovation. The results are presented in Table 3 . In column 1, organisational innovation is included as the only innovation type. It is shown that organisational innovation activities have a positive growth effect for skill-intensive firms, a result that parallels the findings in Caroli and Van Reenen (2001) . In this sense, organisational innovation indeed has an important role to play for economic growth.
Table 3 around here
In column 2, we include product and marketing innovation in addition to organisational innovation. Again, the estimation for product and marketing innovation suffers from multicollinearity due to the innovation structure, as presented in Table 1 . Therefore, we evaluate the effect of conducting product-marketing innovation as the total effect of product innovation and marketing innovation.
The combined effect is positive and equal to 0.099 (=0.196-0.120+0.022), which is significant at the 10 per cent level when using an F-test. In other words, we find lower significance when including organisational innovation but the effect is still positive and significant. As in column 1, we find that organisational innovation has a positive growth effect in skill-intensive firms; however, the effect is no longer significant. This result may well be due to the fundamental multicollinearity problem.
In columns 3 and 4, the direct effects of marketing and product innovation are removed one at a time, as was the case in Table 2 . In column 3, marketing innovation is removed. In this case the common effect for product and marketing innovation is equal to 0.113 (=0.077+0.036) and is significant at the 5 percent level. When both direct effects are removed, the coefficient for the interaction term between product and marketing innovation equals 0.100 that is also significant at the 5 percent level. The coefficients for organisational innovation,  · , are positive in both specifications; however, the coefficient of column 3 is insignificant, whereas it is significant at the 10 percent level in column 4.
In sum, we find that skill-intensive firms that both perform product and marketing innovation experience a positive growth effect. Since we are able to disentangle the effects of product-marketing innovation and organisational innovation, we can conclude that this effect is not driven by organisational innovation. An increase in the share of educated workers of one percentage point, increases productivity growth by around 0.1 percentage points in firms with product and marketing innovation, whereas productivity growth increases by around 0.08 percentage points in firms that perform organisational innovation. The positive growth effect may require that the skill intensity, as measured by the share of employees with 16 or more years of education, exceeds a threshold level.
As final remarks it should be mentioned that the skill-intensity itself does not contribute to growth, i.e., skills only have a growth effect through innovation. This is the case for all regressions reported in Tables 2 and 3 since the point estimates on the lagged skill-intensity is insignificantly different from zero in all the regressions; a result that was also evident in Figure 2 above. Moreover, the conventional factors labor and capital take their expected signs. The point estimate on growth of labor equals 0.84, which is close to the share of labor costs in value added and it is in line with estimates found elsewhere in the literature. The point estimate on growth of capital equals 0.03. Even though it is a relatively low value this magnitude is found elsewhere, see for example Balsvik (2011) . One potential explanation for the low point estimate is that capital is measured by fixed assets that origin from accounting data; a measure that does not measure physical capital as precise as we would prefer. This implies that capital has measurement errors that is likely to be exacerbated as a consequence of differencing.
Due to the low point estimate on growth of capital the hypothesis of constant returns to scale in labor and capital is rejected at the 1 per cent level when using a F-test. In spite of this inappropriate result, the main conclusions derived above and in the next section are unaffected by the inclusion of poorly measured physical capital. We conclude this because the qualitative results for the growth effects of innovation is unaffected when constant returns to scale is enforced on the regressions.
Firm types
An alternative estimation approach that deals with the multicollinearity problem of different innovation types is to estimate growth effects of different firm types. Under this alternative approach, we split the firms into the 4 types of innovative firms used in Figure 2 .
The results are presented in Table 4 . It is shown in column 1 that skill-intensive firms that conduct product-marketing innovation have higher growth effects of innovation than firms that conduct either product innovation or marketing innovation. Firms that engage in product innovation but not marketing innovation experience a positive growth effect, however, the effect is not significantly different from zero. Moreover, the growth effect for firms with marketing innovation but no product innovation is negative but insignificant. Table 4 around here Again, it should be emphasised that firms belonging to one of the three firm types may also conduct organisational innovation in addition to product and/or marketing innovation. Therefore, it is difficult to determine whether the growth effect stems from product and/or marketing innovations or whether it is due to organisational innovation. Therefore, the strategy applied in the following is to test whether skill-intensive firms with product and/or marketing innovation have a significantly higher growth effect than firms that have organisational innovation only.
In column 2, we also include firms that engage in organisational innovation but no marketing innovation or product innovation. In this case, we establish that firms with product-marketing innovation have higher growth effect than firms with organisational innovation only. To investigate whether this difference is significantly different from zero, we perform a one-sided Wald test. The difference is found to be significant, which is clear from the F-test in the bottom part of column 2. This implies that the null hypothesis (no or a negative difference) is rejected with a p-value of 0.056. We interpret the positive difference between the two coefficients as the contribution from product-marketing innovation. This implies that an increase in the share of educated workers of one percentage point, increases productivity growth by 0.086 (=0.168-0.082) percentage points in firms with product and marketing innovation.
Firms with product innovation but no marketing innovation and firms with organisational innovation only demonstrate growth effects from innovation of similar magnitudes. This similarity suggests that product innovation in itself does not contribute to economic growth because a large fraction of the firms conducting product innovation also conduct organisational innovation. Firms with marketing innovation but no product innovation has a negative but insignificant growth effect from innovation. Consequently, product and marketing innovation in itself do not contribute to productivity growth.
To come closer to the additional effect of product-marketing innovation over and above the effect of organisational innovation, we exclude innovative firms that do not engage in organisational innovation. This means, for example, that firms that conduct product-marketing innovation but no organisational innovation are excluded from the sample in column 3. However, firms without innovation activities are included. Using this restriction, 163 innovative firms are excluded, resulting in a sample of 1,158 firms. The results for the restricted sample imply that skill-intensive firms that engage in product, marketing, and organisational innovation have significantly higher growth effects than skill-intensive firms that conduct organisational innovation only at the 10 percent significance level. The impact on productivity growth of an increase in the skill share of one percentage point equals 0.070 (=0.155-0.085) percentage points.
Firms with product and organisational innovation but without marketing innovation and firms with marketing and organisational innovation but without product innovation have a larger growth effect than firms with organisational innovation only. The differences are, however, not statistically significant implying that product innovation without marketing innovation and marketing innovation without product innovation do not contribute significantly to productivity growth. It is interesting that the point estimate to marketing innovation becomes positive when excluding firms performing marketing innovation only instead of a negative effect when included as in columns 1 and 2.
Finally, in column 4 we only include firms that conduct organisational innovation, implying that we exclude firms with innovation activities that do not perform organisational innovation, from the sample. This exclusion results in a sample of 776 innovative firms presented in Table 1b . We find that product-marketing innovation generates higher growth effects in skill-intensive firms than in firms that conduct product innovation but not marketing innovation, marketing innovation but not product innovation or organisational innovation only. Only the interaction term for firms with product-marketing innovation is significantly different from 0.
In summary, the conclusion drawn from Table 4 is that skill-intensive firms with productmarketing innovation experience a positive growth effect in the 3-year period after the innovation activity took place. The growth effect in skill-intensive firms engaging in product-marketing innovation significantly exceeds that of firms conducting organisational innovation only. This is an important result because many firms that conduct product-marketing innovation also conduct organisational innovation. To rule out the possibility that the growth effect for product-marketing innovation is driven by organisational innovation, the growth effect for firms performing product and marketing innovation must exceed that of firms engaging in organisational innovation only.
This is exactly what we find. Moreover, we find that skill-intensive firms that engage in product and organisational innovation do not have a higher growth effect than skill-intensive firms that engage in organisational innovation only. This suggests that product innovation without marketing innovation does not contribute to productivity growth. A similar result is found for marketing innovation. Tables 2-4 as a whole, the evidence is clear that product-marketing innovation and organisational innovation both generates positive growth effects and that innovation is a skill-biased activity.
Taking the results in
Robustness
Finally, we investigate the robustness of the results established for product and marketing innovation in the section above. We present a number of alternative specifications in Table 5 . In column 1 of the table, we present our baseline specification of the previous sections, namely column 2 of Table 4 . We compare this specification against the alternative regressions. 10 Table 5 around here
The first issue addressed in Table 5 is firm size. The applied binary measure of product innovation may be problematic because large firms have a tendency to answer "yes" to the question of whether they engage in product innovation or not. In the words of Hall (2011), p. 176, "When examined across a range of firm sizes, it produces the misleading results that larger firms are more likely to be innovative, whereas in truth larger firms are involved in a wider range of activities and are therefore more likely to have an innovation in at least one of them."
We expect the "size" problem to be especially pronounced for product innovation. We do not expect firm size to be an important problem for marketing and organisational innovation. Marketing innovation will to a large extent be focussed on overall firm demand, whereas organisational innovations are expected to be implemented for the firm as a whole.
The results when splitting the sample by firm size are presented in columns 2 and 3. Column 2 presents firms with employment below the median level of 60 full time equivalent workers. It is found that product-marketing innovation has a high growth effect for skill-intensive firms below the median size. Organisational innovation also has a positive growth effect; however, this effect is not significantly different from zero. As in the baseline case, marketing innovation has a negative but insignificant growth effect. The flop side result, however, is found for larger firms in column 3. Here, we can see that organisational innovation constitutes an important growth driver for larger firms, whereas firms conducting product-marketing innovation do not gain as much from the activity. The latter finding indicates that the critique of the measure of product innovation may be valid. Interestingly, marketing innovation without product innovation has a positive and significant growth effect for larger firms. These results suggest that marketing and organisational changes have positive growth effects in larger organisations.
Next, we present an economy-wide estimate of the growth effect of innovation. To do this we use a weighted regression of the main specification, which is presented in column 4. The estimates are weighted by establishment size and sample frequency from Statistics Denmark. The regression shows that the growth effect in skill-intensive firms that conduct product-marketing innovation is positive and significant. This is the case even though large firms that tend to answer "yes" to engaging in product innovation as discussed above have larger weights. Skill-intensive firms conducting organisational innovation only also have a positive growth effect. Surprisingly, however, this effect is not significantly different from zero. When specifying the regression with organisational innovation as the only type of information included in the regression (not shown), we find that skill-intensive firms gain significantly from organisational innovation. Finally, skillintensive firms conducting marketing innovation but not product innovation have a positive but insignificant growth effect.
A concern regarding the results established above is that they may simply be a result of the selection of high growth firms into innovation. It may be the case that product-marketing innovation is introduced in firms that have higher productivity growth rates (see for example Caroli In this section, we have performed a number of robustness checks of the baseline specification of Table 4 . Neither of these specifications change the main result that skill-intensive firms that perform product and marketing innovation experience a positive growth effect in the subsequent (long) period. We document that the combined innovation activity has an independent role in productivity growth and are able to disentangle the growth driver from organisational changes. On the contrary, product innovation or marketing innovation alone do not contribute to growth. 11 Another check is to estimate the relationship between productivity growth and innovation activities using quantile regressions. The results have been estimated for the 0.50 quantile (the median), the 0.75 quantile, and the 0.25 quantile and can be obtained upon request to the authors. Similar results are found for all three regressions: The coefficients on product-marketing innovation are of similar magnitude independent of quantile. Moreover, it is found that the coefficient to product-marketing innovation is significantly larger than the coefficient to firms that perform organizational innovation only for the median firm as well as for the 0.75 quantile firm. This result is not established when estimating for the 0.25 quantile.
Discussion and conclusion
The main result of this paper is that skill-intensive firms that engage in product and marketing innovation grow faster than skill-intensive firms that do not engage in these activities. Moreover, we find that firms that conduct product innovation but no marketing innovation or marketing innovation but no product innovation do not reap higher productivity growth.
An independent issue is to separate effects of product and marketing innovation from organisational innovation. In the applied data set, it turns out that the majority of firms that conduct product and marketing innovation also conduct organisational innovation. Therefore, we study whether firms that conduct product and/or marketing innovation gain positive growth effects in addition to those obtained through organisational innovation. Although the majority of innovative firms also engage in organisational innovation, we are able to rule out the concern that the estimated effect of product and marketing innovation is simply picking up growth effects generated through organisational innovation. Instead we find that product-marketing innovation and organisational innovation both play independent roles in productivity growth.
One important result of this analysis is that innovation activities generate higher productivity growth rates in skill-intensive firms, whereas they do not in unskilled-intensive firms. Indeed, innovation activities may result in negative growth rates in unskilled-intensive firms. Taking the estimated coefficients at face value, firms engaging in product and marketing innovation should have an education mix of employees with 16 or more years of education in relation to the total number of employees that exceeds the average value of the sample. A similar result is found for organisational innovation.
The broader implication of the positive growth effect in skill-intensive firms is twofold. The analysis finds that it may not always be appropriate to engage in innovation activities in unskilledintensive firms as the activity may not pay off. 12 An important question in this respect is whether firms become more skill-intensive as they begin to engage in innovation, or whether the skill intensity to a high degree is fixed. If the latter is the case, it may be important to target skill-intensive firms with innovation-promoting policy programs. 13 In this sense, the result of the analysis may have implications for industrial policy that is designed to increase innovation activities in firms. Instead of targeting all firms with programs designed to increase innovation, governments may instead direct the programs towards skill-intensive firms. Alternatively, governments should target human capital accumulation and innovation-promoting programs simultaneously.
A Appendix: The general model
In Section 3.3, two approaches are applied; one based on innovation types and another on firm types. In this appendix, we show that both of these approaches are consistent with a general version of the model presented in (3). In the following, we concentrate on the part of the model that is related to innovation; a part that we label :
, we have included additional interaction terms resulting in 3 extra parameters,  5 ,  6 , and  7 .
A.1 Innovation types
The model applied under the innovation types approach, i.e., equation (3), is obtained under the restriction that  5 =  6 =  7 = 0. This results in the following estimates 1 , 2 , 3 , and 4 :
A.2 Firm types
Given the 3 innovation types, we can group innovative firms into seven different groups of firms after their the innovative activities that they perform:
Using these 7 types of innovative firms, the general version of  is rewritten to:
The firm type approach is consistent with the innovation type approach when the restrictions  5 = 0,  6 = 0, and  7 = 0 are implemented. In this case,
In order to avoid using 7 different firm types in the main text, the baseline regression in Section 3.3. is not based on these restriction. Instead we base the analysis reported in the main text on 4 firm types with innovation activities. The model applied under the firm types approach is obtained under the following restrictions.
• Firm types 1 in the main text is defined as firms with product-marketing innovation. These firms are identified for  1 = 1 or  5 = 1. These firm types are assumed to have similar growth effects, implying that:
• Firm type 2 in the main text is defined as firms with product innovation but no marketing innovation. These firms are identified for  2 = 1 or  6 = 1. These firm types are assumed to have similar growth effects, implying that:
• Firm type 3 in the main text is defined as firms with marketing innovation but no product innovation. These firms are identified for  3 = 1 or  7 = 1. These firm types are assumed to have similar growth effects, implying that:
• Firm type 4 in the main text is defined as firms with organisational innovation but no product innovation or marketing innovation. There is no restrictions for the relevant parameter  4 .
Thereby, we allow firms in the first group of firms and firms in the fifth group of firms to have similar effects on productivity growth, even though firms in the former group have organisational innovation in addition to product-marketing innovation. This is also the case for firms with product innovation but no marketing innovation and for firms with marketing innovation but no product innovation. This is of course inconsistent with the applied theoretical model, since we ignore that firms belonging to the first three groups of firms have organisational innovation in addition to product and/or marketing innovaton.
Implementing the restrictions described in the bullits above imply that  can berewritten to
It is clear that the two approaches lead to different estimates, i.e., 15 6 = 1 etc. In other words, the two approaches origin from the same general model, but are not nested. Under the firm type approach, the constraints imply that
In this sense, other complementarities than the complementarity between product and marketing is enforced by the constraints. The two approaches, however, lead to identical estimates under the restriction that  4 =  4 = 0, which is evident from Table 2 , column 4, and Table 4 , column 4.
As mentioned, we do not present estimation results for the 7 groups of firms. The qualitative results for this case, however, are similar to those presented in Table 4 , implying that  5 6 = 0,  6 6 = 0, and  7 6 = 0 do not have important implications for the results. When testing these contraints for the firm type approach simultaneously, the F-test has a critical p-value of 0.55 implying that the restrictions cannot be rejected. These results are available upon request. (M) , product innovation (P), and organizational innovation (O). All regressions include industry dummies, regional dummies, ownership dummies, and export intensity. product-marketing innovation (PM), product innovation but no marketing innovation (PNM), marketing innovation but no product innovation (NPM), organizational innovation but no product or marketing innovation (ONPNM). All regressions include industry dummies, regional dummies, ownership dummies, and export intensity. [2004] [2005] [2006] [2007] . Firms performing: productmarketing innovation (PM), product innovation but no marketing innovation (PNM), marketing innovation but no product innovation (NPM), organizational innovation but no product-marketing innovation (ONPNM). All regressions include industry dummies, regional dummies, ownership dummies, and export intensity.
